Persons with AIDS are at high risk of three cancers: Kaposi sarcoma, non-Hodgkin lymphoma, and cervical cancer ( 1 ). Indeed, these cancers are accepted as AIDS-defi ning cancers. Recent studies ( 2 -5 ) have reported marked reductions in the risk of these cancers in persons with AIDS that were associated with the use of highly active antiretroviral therapy (HAART), a combination of drugs that effectively controls HIV replication. This therapy usually results in marked improvement in CD4 counts and consequent reductions in the risks of infectious diseases ( 6 -9 ), even if normal immunity is not fully restored ( 10,11 ). However, data about the level of immunosuppression in persons with AIDS and cancer incidences in these persons are limited. In a previous analysis ( 12 ), we examined cancer risk by CD4 count for persons with AIDS diagnosed through December 31,
Hodgkin lymphoma includes histology types that are not AIDS related, as well as a large group of non-Hodgkin lymphomas not otherwise specified by histology. Furthermore, all central nervous system non-Hodgkin lymphomas are considered to be AIDS related regardless of histology. Because of these complexities, most reports of the AIDS non-Hodgkin lymphoma include all nonHodgkin lymphomas in persons with AIDS as AIDS non-Hodgkin lymphoma, regardless of histology or site. However, our goal was to evaluate the relationship between immunity and non-Hodgkin lymphoma risk by subtype. As AIDS-related cancers, therefore, we included all central nervous system non-Hodgkin lymphomas and, at non -central nervous system sites, diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma, and non-Hodgkin lymphoma, not otherwise specified. The DLCBL subtype includes immunoblastic non-Hodgkin lymphoma. Outside the central nervous system, we included non-Hodgkin lymphomas, not otherwise specified, as AIDS related because 1071 (89.4%) of 1192 patients with noncentral nervous system non-Hodgkin lymphoma with known histology were AIDS-related subtypes. Overall, in this study from 1990 through 2002, 2408 (95.2%) of the 2529 non-Hodgkin lymphoma cases in persons with AIDS were thus considered to be AIDS related (i.e., they were of histology types considered to be AIDS related, including non-Hodgkin lymphoma, not otherwise specified, or at central nervous system sites). Non -AIDS-associated non-Hodgkin lymphomas included all other non-Hodgkin lymphomas with a specified histology.
We used the International Classifi cation of Diseases for Oncology, 3rd Edition ( 17 ) (ICD-O-3) to code site and histology
CONTEXT AND CAVEATS

Prior knowledge
The incidence of Kaposi sarcoma, non-Hodgkin lymphoma, and cervical cancer has been declining among persons with AIDS since the introduction of highly active antiretroviral therapy (HAART) in 1996.
Study design
Data from local cancer registries were linked to those from US AIDS registries to investigate the association between CD4 cell count at AIDS diagnosis and cancer incidence in periods before and after the introduction of HAART.
Contribution
After HAART became available, the incidence of both Kaposi sarcoma and non-Hodgkin lymphoma decreased, but that of cervical cancer increased. CD4 count at AIDS onset was strongly associated with risks for Kaposi sarcoma and for non-Hodgkin lymphoma but not for cervical cancer.
Implications
The decreased incidences of Kaposi sarcomas and non-Hodgkin lymphomas are consistent with improving CD4 counts in persons with AIDS since the introduction of HAART. Limitations CD4 counts and cancer incidence and risk were assessed at different times. CD4 counts were measured at AIDS onset, but cancer risk was determined 4 -27 months after AIDS onset, when CD4 counts would have been higher because of antiretroviral therapy.
and updated records that used older coding classifi cations to conform to ICDO-3. Specifi cally, Kaposi sarcoma included histology code 9140 regardless of site, non-Hodgkin lymphomas included all lymphomas (codes 9590 through 9729), except for Hodgkin lymphoma (codes 9650 -9669), and cervical cancer included all cancers with site code C53 and behavior code 3 (invasive cancer). Histology was often not available for central nervous system non-Hodgkin lymphoma (site code C70 -C72), and for non-Hodgkin lymphoma at this site, all types were included regardless of histology. Of 231 central nervous system non-Hodgkin lymphomas with known histology, 205 (89%) were DLBCL and six (3%) were Burkitt lymphoma. At non -central nervous system sites, AIDS-associated non-Hodgkin lymphomas included three groups: Burkitt lymphoma (code 9687), DLBCL (codes 9680 and 9684), and nonHodgkin lymphoma, not otherwise specifi ed; non-AIDS-associated non-Hodgkin lymphoma included all specifi ed B-cell non-Hodgkin lymphomas that were not considered to be AIDS associated (codes 9670 -9699, 9727 -9728, and 9823 other than the AIDS-associated histology types listed above) and T-cell (codes 9700 -9719 and 9782) non-Hodgkin lymphomas.
Statistical Analysis
For incidence evaluation, persons with AIDS were grouped by strata of the latest CD4 count in the AIDS-onset period by increments of 50 cells per microliter (0 -49 to 450 -499 CD4 cells per microliter). Persons with AIDS with CD4 counts of 500 cells per microliter or higher (i.e., <1% in persons with AIDS) were excluded from all analyses. We also examined risk by excluding persons with CD4 counts more than 300 cells per microliter because we had relatively few persons with such high counts . HAART has been available since 1996, and its widespread use has led to higher CD4 counts than use of therapies available in 1990 -1995 ( 6 -9 ) . Persons with AIDS were, therefore, stratified into one of two groups by the year in which their AIDS was diagnosed (i.e., in 1990 -1995 or in 1996 -2002). As a test of robustness of the 1995/1996 cut point, we compared data for 1990 -1994 with those for 1997 -2002 in a sensitivity analysis; excluding the transition years (AIDS onset in 1995 -1996) did not change the conclusions (data not presented). Therefore, we present data for a comparison of cancer incidence in 1996 -2002 with those in 1990 -1995, after adjustment for age, race, and sex/mode of HIV exposure. To examine the association of CD4 count with cancer incidence, we used Cox proportional hazard models to calculate hazard ratio (HR) per incremental decrease of 50 CD4 cells per microliter, after adjustment for age (15 -29, 30 -39, 40 -49, or ≥ 50 years), race (white, black, Hispanic, or other/unknown), and sex/mode of HIV exposure (men who have sex with men, other males, or female s). We included an interaction term between calendar period and CD4 count to allow the relationship between CD4 count and cancer risk to differ between the periods of 1990 -1995 and 1996 -2002 . To determine whether the association of CD4 count at AIDS onset with subsequent cancer risk changed with increasing time after the baseline measurement, we tested the validity of the proportional hazard assumption by examining trends in hazard ratios within succes sive 6-month intervals. This analysis considered four successive 6-month intervals of follow-up time and, for each interval, estimated a separate hazard ratio associated with the CD4 count at AIDS onset. The proportional hazards assumption was then tested by evaluating the statistical significance in the Cox model of a 1-df interaction term between the CD4 count at AIDS onset and the interval of follow-up time (treated as an ordinal value).
For many subjects, CD4 counts had been recorded before the onset of cancer in periods outside of their AIDS-onset period. Likewise, many cancers were diagnosed during the AIDS period or after the end of the incidence evaluation period for AIDS. These data were not included in the incidence evaluation, described above, for the following reasons: 1) Cancer in the AIDS-onset period precluded the analysis of subsequent cancer incidence because persons could not get the same cancer twice.
2) The longer time intervals between AIDS onset and cancers that occurred late in the course of AIDS made the CD4 count at AIDS onset increasingly irrelevant. 3) Finally, recording of CD4 counts outside of the AIDS-onset period was not systematic and was available for only a minority of persons with AIDS.
Nevertheless, the CD4 data before cancer onset could be analyzed descriptively by examining median CD4 counts before cancer onset. To assure that the CD4 count was obtained before the diagnosis of cancer and not affected by cancer therapy, we used only CD4 results that were obtained 0 -12 months before cancer onset. When multiple CD4 counts were recorded, we used the last recorded count in that period. Cancer onset was stratifi ed by time from AIDS onset, to allow for changes in CD4 counts during the course of AIDS (i.e., 0 -3, 4 -14, 15 -27, 28 -59, or ≥ 60 months from AIDS onset). To assure that median CD4 counts were not infl uenced by changes in the availability of effective antiretroviral therapy, we restricted our analysis to cancers that were diagnosed in the HAART era, which began in 1996. Thus, we started this analysis in 1997 so that the 12 months before any cancer diagnosis were entirely within the HAART era. For trend analyses, we used only data from patients with cancer diagnosed at least 15 months after the onset of AIDS to ensure that all CD4 counts were obtained beyond the AIDS-onset period. For CD4 counts, median values were compared by the Wilcoxon rank-sum test, and trends in median values in cancer patients were evaluated by the nonparametric Jonckheere -Terpstra test ( 18 ) . All statistical tests used were two-sided. Differences were considered to be statistically signifi cant at a P value of less than .05.
Results
The study included 325 516 adults with AIDS diagnosed from January 1, 1990, through December 31, 2002. The distribution of subjects by sex, age-group, race, mode of HIV exposure, and CD4 count is presented by calendar-time period in Table 1 . The proportions of women, older persons, nonwhites, and persons exposed to HIV heterosexually were higher in 1996 -2002 than in 1990 -1995. CD4 counts at AIDS onset were available for a higher proportion of those diagnosed between 1996 and 2002 (85.8%) than between 1990 and 1995 (63.2%). However, among those with known CD4 counts, distributions of proportions within demographic and mode of HIV exposure categories were similar in 1990 -1995 and 1996 -2002 ( Table 1 ) . Also, the distributions of observed CD4 counts within different demographic and mode of exposure groups were similar (data not shown). In each period, most individuals completed the full 24-month follow-up period, and there was only a modest difference in the mean overall followup duration between those with a CD4 count of 0 -49 cells per microliter at AIDS onset and those with a CD4 count of 200 -499 cells per microliter (i.e., 17 and 21 months, respectively). The number of patients with Kaposi sarcoma, non-Hodgkin lymphoma, and cervical cancer that occurred during the AIDS-onset period (0 -3 months) is also listed in Table 1 . Of all 2529 cases of nonHodgkin lymphomas ( Table 2 ) , 121 (4.8%) had non -central nervous system -specific histology types that were not ac cepted as AIDS associated (i.e., 71 B-cell and 50 T-cell non-Hodgkin lymphomas), and these types were not included in the analysis.
AIDS-Associated Cancer
During the 4-to 27-month period after AIDS onset, 3753 incident cases of Kaposi sarcoma, 2529 incident cases of non-Hodgkin lymphomas, and 55 incident cases of cervical cancers were reported ( Table 2 ) . Among non -central nervous system non-Hodgkin lymphomas, 508 (39.3%) of the 1292 cases diagnosed in 1990 -1995 and 142 (33.1%) of the 429 cases diagnosed in 1996 -2002 were classified as non-Hodgkin lymphoma, not otherwise specified. Among all 2408 AIDS-associated non-Hodgkin lymphomas, 687 (28.5%) were classified as central nervous system non-Hodgkin lymphoma and 1721 (71.5%) were classified as non -central nervous system non-Hodgkin lymphomas (including 949 DLBCLs, 122 Burkitt lymphomas, and 650 non-Hodgkin lymphoma, not otherwise specified).
Among the 325 516 adult persons with AIDS, the incidence of Kaposi sarcoma was lower in 1996 -2002 (334.6 cases per 100 000 person-years) than in 1990 -1995 (1838.9 cases per 100 000 person-years), and non-Hodgkin lymphoma overall followed a similar pattern (i.e., 390. Table 2 ). The incidences * MSM = men who have sex with men; IDU = intravenous drug users. † Percent distribution of CD4 cell number was based on persons with known CD4 counts only. ‡ Cancers recorded in either the AIDS registry or the cancer registry files. These individuals were excluded from the analyses of incidence during the 4-27 months after AIDS onset.
of central nervous system non-Hodgkin lymphoma were 77.4 and 313.2 per 100 000 person-years, respectively, in the later and earlier periods, and those of non -central nervous system nonHodgkin lymphoma were 284.1 and 710.1 per 100 000 personyears, respectively. The risk of central nervous system non-Hodgkin lymphoma (RR = 0.27, 95% CI = 0.21 to 0.33) declined statistically signifi cantly more between these two periods than the risk for non -central nervous system non-Hodgkin lymphoma (RR = 0.44, 95% CI = 0.39 to 0.49). At non -central nervous system sites in both 1996 -2002 and 1990 -1995, many non-Hodgkin lymphomas were of unspecifi ed histology types (with incidences of 94.0 and 279.2 per 100 000 person-years, respectively). Among the specifi ed non -central nervous system non-Hodgkin lymphomas, the incidences of DLBCL were 157.6 and 390.7 per 100 000 person-years, respectively, in the two periods, whereas that of Burkitt lymphoma was 32.4 and 40.1 per 100 000 person-years, respectively. The risk for DLBCL (RR = 0.45, 95% CI = 0.38 to 0.52) declined more between these two periods than the risk of Burkitt lymphoma (RR = 0.92, 95% CI = 0.64 to 1.33), for which the risk was not statistically significantly different in the two periods.
AIDS-Associated Cancers and CD4 Count at AIDS Onset
The incidences of Kaposi sarcoma and of non-Hodgkin lymphoma overall was strongly associated with declining CD4 counts in both calendar periods ( Fig. 1 ). As shown in Table 2 , for the AIDS-associated cancers (i.e., Kaposi sarcoma, AIDS-associated non-Hodgkin lymphoma, and cervical cancer), the trends of increasing risk with declining CD4 count were similar in magnitude in both periods (for each decline in CD4 95% CI = 1.58 to 2.16; for non -central nervous system nonHodgkin lymphomas, HR = 1.09, 95% CI = 1.04 to 1.15) . No association between CD4 count and cervical cancer incidence was observed in either period. In contrast, the relationship between CD4 count and incidence varied by type among non -central nervous system non-Hodgkin lymphomas ( Table 2 and Fig. 2 ). Because the proportional hazards assumption was violated (in that the association of CD4 counts at AIDS onset and subsequent cancer risk varied statistically signifi cantly during the quartiles of follow-up), the hazard ratios presented in Table 2 should be considered average effects for the 2-year incidence evaluation period.
In 1996 -2002, the incidences of both DLBCLs and nonHodgkin lymphoma, not otherwise specifi ed, were associated with CD4 count (for DLBCL, HR for each decline of 50 CD4 cells per microliter = 1.12, 95% CI= 1.04 to 1.20; and for nonHodgkin lymphoma, not otherwise specifi ed, HR = 1.13, 95% CI = 1.03 to 1.24), whereas the incidence of Burkitt lymphoma was not associated with CD4 count ( Table 2 ) As a test of robustness, when we further restricted our analyses to persons with AIDS who had a CD4 count of less than 300 cells per microliter (because few cancers occurred in CD4 strata above this level), the conclusions were not appreciably different (data not presented). We also evaluated the relationship between CD4 count at AIDS onset and incidence in each successive 6-month interval within the incidence evaluation period of 4 -27 months after the AIDS-onset period. Except for Burkitt lymphoma, the incidence of which was not related to CD4 count ( Table 3 ) , associations between CD4 count and incidence in 1990 -1995 were strongest in the fi rst 6-month period after AIDS was diagnosed and weakened statistically signifi cantly thereafter. This fi nding was also present for Kaposi sarcoma diagnosed in the 1996 -2002 period but not for non-Hodgkin lymphoma diagnosed in this period.
For persons with a CD4 count available within 1 year before cancer diagnosis, the median CD4 count at AIDS onset for Burkitt lymphoma was higher than that for DLBCL (130 CD4 cells per microliter for Burkitt lymphoma versus 101 for DLBCL in 1990 -1995, Wilcoxon P = .002; 134 CD4 cells per microliter for Burkitt lymphoma versus 100.5 for DLBCL in 1996 -2002, Wilcoxon P = .020). The median CD4 counts in the period from 0 through 12 months before cancer onset were higher when CD4 counts included those obtained at AIDS onset than when they did not (i.e., cancers arising 15 months or more after the AIDS onset) ( Fig. 3 ) . Even so, both at and long after AIDS onset, the relationship between median CD4 count and cancer type remained almost unchanged, with patients with central nervous system non-Hodgkin lymphomas having the lowest median CD4 counts and those with cervical cancer or Burkitt lymphoma having the highest median CD4 counts. For the periods of cancer diagnosis for which the CD4 count excluded counts at AIDS onset (i.e., cancers arising 15 -27, 28 -60, and >60 months after AIDS onset), the CD4 counts were essentially fl at (trends not statistically signifi cantly different from each other) for all cancer types examined.
Discussion
Our results illustrate the variable impact of immunity on the risk of AIDS-associated cancers within the range of CD4 counts in persons with AIDS. In both 1990 -1995 and 1996 -2002, CD4 counts at AIDS onset were strongly associated with the risk of both Kaposi sarcoma and non-Hodgkin lymphoma, and the associations were of similar magnitude, although incidence was much lower in 1996 -2002 than in 1990 -1995. However, the incidence of cervical cancer was not associated with CD4 count in either period. Within the non-Hodgkin lymphoma subgroups, the risk of central nervous system non-Hodgkin lymphoma increased strongly with lower CD4 count, whereas non -central nervous system nonHodgkin lymphoma risk increased moderately, even when the analysis was restricted to those subtypes of non-Hodgkin lymphomas that are accepted as being AIDS associated. Risk of DLBCL increased with CD4 count decline, but risks of Burkitt lymphoma and of the non -AIDS-associated non-Hodgkin lymphomas were not related to CD4 count.
CD4 counts at AIDS onset were similar in the two calendar periods, refl ecting the fact that persons with AIDS are immunosuppressed. However, among cancers associated with reduced CD4 counts, for any CD4 count at AIDS onset, the risk was lower in 1996 -2002 than in 1990 -1995. The lower risk in 1996 -2002 than in 1990 -1995 likely refl ected the higher CD4 count after AIDS onset in patients treated with HAART. For this study, we could not measure the change in the CD4 count in patients after the onset of AIDS, but greater increases in the CD4 counts after the introduction of HAART than that of other antiretroviral therapies have been well documented ( 6 -9 ) . The risk of some AIDSassociated cancers was not associated with the CD4 count, and the incidences of these cancers were, therefore, not altered by HAART. The variable impact of HAART on cancer incidence changed the proportions of tumors being diagnosed over time. We found that, in AIDS patients diagnosed during the HAART era, the incidence of Kaposi sarcoma declined more than that of non-Hodgkin lymphoma, so that the incidence of non-Hodgkin lymphoma became more common than that of Kaposi sarcoma among persons with AIDS. Among the non-Hodgkin lymphomas, the incidence of central nervous system non-Hodgkin lymphoma declined most sharply from the pre-HAART era and to the HAART era . The incidence of non -central nervous system nonHodgkin lymphoma continued to be dominated by DLBCL; however, because the incidence of Burkitt lymphoma did not change substantially over time, the proportion of non -central nervous system non-Hodgkin lymphoma cases that were classifi ed as Burkitt lymphoma increased. Similarly, another study ( 19 ) found that the incidences of central nervous system and non -central nervous system lymphomas were sharply lower in AIDS patients diagnosed during the HAART era than those diagnosed earlier. In that study, the incidence was also highest in those with the lowest CD4 counts, with the CD4 count being more important for the incidence of central nervous system non-Hodgkin lymphoma than for the incidence of non -central nervous system non-Hodgkin lymphoma.
For cancers whose incidence was associated with CD4 count, the increase in risk with each decline in CD4 count of 50 cells per microliter appeared modest only because we used narrow CD4 strata. When translated across the CD4 count range usually observed at AIDS onset, they are more impressive. For example, for persons with AIDS diagnosed in 1996 -2002, those with a CD4 count of 150 -199 cells per microliter had a fourfold higher Table 3 . Associations between cancer risk and CD4 count at AIDS onset for 6-month intervals within the incidence evaluation period between AIDS onset and cancer onset * * Hazard ratios were based on Cox proportional hazards models that were adjusted for age, race, and sex/mode of HIV exposure. HR = hazard ratio; CI = confidence interval; NHL = non-Hodgkin lymphoma; CNS = central nervous system; DLBCL = diffuse large B-cell lymphoma; NOS = not otherwise specified. † From a 1-df interaction term (CD4 count at AIDS onset × follow-up interval) included in the Cox proportional hazards model. All statistical tests of significance were two-sided. (18) and were limited to time period of 15 months or more after AIDS onset to exclude CD4 counts that were collected during the period from 0 through 3 months after AIDS onset. All statistical tests were two-sided. Burkitt lymphoma, P = .71 DLBCL, P = .21 AIDS NHL, P = .38
Kaposi sarcoma, P = .61 CNS NHL, P = .60
incidence of central nervous system non-Hodgkin lymphoma than those who had a CD4 count of less than 50 cells per microliter and twice the incidence of Kaposi sarcoma and non -central nervous system DLCBL. In contrast, the incidences of cervical cancer and Burkitt lymphoma were both unchanged as the CD4 count declined. The CD4 count near the time of cancer onset appeared to be most important for the cancers associated with the CD4 count. In 1990 -1995, the associations with CD4 count were strongest in the time intervals closest to AIDS onset ( Table 3 ). The likely explanation for this attenuation of hazard ratios is that CD4 counts change over time, whereas we considered associations with cancer incidence that was based only on CD4 count measured at AIDS onset. This attenuation of hazard ratios over time was not observed for non-Hodgkin lymphoma in 1996 -2002.
Patterns of the median CD4 counts in the period of 0 -12 months before cancer onset were similar to those for cancer type and CD4 count both at and long after AIDS onset, indicating that the relationships between CD4 count and cancer risk could be generalized to all periods. Finally, after excluding the CD4 counts that might have been measured in the AIDS-onset period (i.e., excluding all counts with 15 months of AIDS onset), the median CD4 count for each cancer remained fairly constant regardless of the time from AIDS onset, indicating that cancer risk had not been dominated by CD4 levels for a substantial time before cancer onset.
With regard to specifi c cancers, the risk of Kaposi sarcoma was strongly and inversely associated with CD4 count, indicating a role for immunity in preventing the expression of this tumor. The etiologic agent underlying Kaposi sarcoma development is human herpesvirus 8, a virus that is closely related to Epstein -Barr virus (EBV) ( 20 ) . Perhaps, in immunosuppressed persons, human herpesvirus 8 -transformed spindle cells escape surveillance and progress to Kaposi sarcoma. Consistent with this potential mode of pathogenesis, localized Kaposi sarcoma tumors can regress when immunity is improved -e.g., by HAART use in persons with AIDS ( 21 ) or by removal of immunosuppressive regimens in organ-transplant patients being treated with such regimens to suppress rejection ( 22 ) .
The relationships of CD4 count with Burkitt lymphoma and DLCBL indicate that the reasons for their increased incidences in persons with AIDS differ by non-Hodgkin lymphoma type. Although the incidence of Burkitt lymphoma is greatly increased in persons with AIDS ( 5 , 15 , 16 ), Burkitt lymphoma incidence was not related to a decline in the CD4 count. In persons with AIDS, Burkitt lymphoma is not strongly associated with EBV, with the proportion of EBV-positive patients with Burkitt lymphoma (30%) being only slightly higher than the proportion of sporadic cases of Burkitt lymphoma in persons without AIDS (15% -20%) ( 23 -25 ) . Thus, the incidence of Burkitt lymphoma in persons with AIDS is not driven by lack of EBV control in such persons. We speculate that, for Burkitt lymphoma, antigenic stimulation, certainly from HIV but perhaps also from other antigens, may be driving lymphocyte division to amplify lymphocyte clones that produce relevant antibodies. Errors occurring during mitosis could result in chromosomal rearrangements that place immunoglobulin genes upstream of the MYC gene and thereby provide a factor that increases the risk of Burkitt lymphoma.
Because both AIDS and non-AIDS Burkitt lymphomas have MYC gene translocations ( 23 -25 ) , a similar mechanism may contribute to Burkitt lymphoma occurrence in non-AIDS settings, where lymphocyte proliferation may be driven by antigens other than HIV antigens. For example, the antigenic stimulation of malaria and other infections may drive lymphocyte replication, which increases the likelihood of an error that places the MYC gene upstream of the immunoglobulin gene, which could explain the increased risk of Burkitt lymphoma in areas of Africa in which malaria is endemic ( 25 ) .
The incidence of non -central nervous system DLBCLs in persons with AIDS increased steadily with higher CD4 levels. EBV is found in most patients with AIDS-associated DLBCLs ( 23 , 24 ) , indicating that EBV may play an important role in the genesis of DLBCL. Perhaps, EBV-activated B cells are not recognized or not eliminated in persons with low CD4 counts or with severely dysfunctional immune systems. However, not all DLBCL tumors have integrated EBV. Thus, although EBV may be a powerful oncogenic agent, other viruses, known or unknown, may have the potential to malignantly transform lymphocytes, especially under conditions of immunosuppression. Notably, human herpesvirus 8, which is strongly associated with primary effusion lymphoma ( 22 , 23 ) , and possibly a subset of related noneffusion DLBCLs ( 26 ), may be another example of a transforming virus whose action is enhanced by immunosuppression.
The incidence of central nervous system non-Hodgkin lymphoma increased strongly with decreases in the CD4 count. However, non -central nervous system immunosuppression should not directly impact events within the central nervous system. Thus, events external to the central nervous system presumably give rise to central nervous system non-Hodgkin lymphoma. Most central nervous system non-Hodgkin lymphomas are DLBCLs, and virtually all are positive for EBV ( 23 , 24 ) . Possibly, the lack of immune defenses in the central nervous system allows EBVtransformed lymphocytes to emerge as central nervous system lymphoma cells before appearing at non -central nervous system sites. If so, events occurring peripheral to the central nervous system, such as high EBV levels in peripheral blood, may predict the development of this tumor.
Women with AIDS clearly have an increased risk of cervical cancer, but whether this risk is related to immunosuppression or simply refl ects a higher risk of acquiring human papillomavirus in the same population is unclear. An etiologic relationship between cervical cancer and HIV-related immunosuppression is supported by the observation that women with AIDS have a higher risk of developing low-and high-grade dysplasia ( 27 , 28 ) , but the lack of an association between the time relative to AIDS onset and the risk of cervical cancer ( 29 ) argues against a causal relationship. The potential impact of screening for cervical cancer complicates interpretation of these fi ndings; however, among high-risk African women who were not screened for cervical cancer, no increase was observed in the incidence of cervical cancer associated with the HIV/AIDS epidemic ( 30 ) . In this study, we found no relationship between incidence of cervical cancer and immunosuppression. Immunodefi ciency could promote early-stage cervical dysplasia through poorly controlled human papillomavirus infection, but events that permit subsequent development of malignancy appear not to be related to immunity, at least in the time scale needed for the progression to cervical cancer.
This study has several limitations. The most important limitation is that we measured CD4 counts at AIDS onset but assessed cancer risk 4 -27 months after AIDS onset, when CD4 counts would have been higher because of antiretroviral therapy. The lower incidence of cancer in the HAART era (from 1996 through 2002) is consistent with higher CD4 counts in the period of 4 -27 months after AIDS onset than in the period from 1990 through 1995. Despite this limitation, we observed strong associations between CD4 count and cancer incidence even in the HAART era. The descriptive data on median CD4 counts 0 -12 months before cancer onset indicate that the same relationships were present whenever the cancer occurred during the course of AIDS. Another limitation is that we lacked individual data about antiretroviral therapy use and, therefore, used calendar period of HAART availability. The sharp declines in cancer incidence indicate that most people were on effective therapy but to the extent that some subjects in the HAART era were not on HAART, we would have underestimated the risk relationships. Finally, because persons with AIDS usually have low CD4 counts at AIDS onset, we cannot provide defi nitive information about cancer risk in persons with only moderate immunosuppression.
In summary, we found that the relationships between CD4 count and the incidence of AIDS-associated cancers varied by cancer type. The incidences of central nervous system non-Hodgkin lymphoma and Kaposi sarcoma were the most strongly associated with severe CD4 depletion, whereas those of Burkitt lymphoma and cervical cancer were not associated with CD4 counts, at least in the ranges observed in persons with AIDS. These associations persisted in the HAART era, although the risk of Kaposi sarcoma and most non-Hodgkin lymphomas has declined substantially. With the availability of HAART, CD4 counts have improved greatly ( 6 -9 ) , and the higher CD4 counts have probably resulted in a lowered incidence of cancers associated with the CD4 count, especially central nervous system non-Hodgkin lymphoma and Kaposi sarcoma. In contrast, the incidences of Burkitt lymphoma and cervical cancer, which were not associated with CD4 counts, did not change greatly between the two periods studied, despite HAART availability, thereby increasing their proportional frequency. These relationships between immunity and cancer risk also have etiologic implications. Although the incidence of Kaposi sarcoma and of DLCBL non-Hodgkin lymphoma increased steadily with immunosuppression with no apparent threshold effect, the incidence of Burkitt lymphoma was stable at all CD4 levels. We suggest that antigen stimulation from HIV or other infections drives lymphocyte proliferation and thereby increases the incidence of Burkitt lymphoma.
